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Abstract

Objective: Exercise induced bronchoconstriction
(EIB) is a frequent and specific symptom of
childhood asthma featured by expiratory flow
limitation. A recent study showed that exercise can
also induce inspiratory flow limitation, independent
of EIB. The aim of this study was to investigate
whether salbutamol protects against exercise
induced inspiratory flow limitation in asthmatic
children.

Methods: The study had a prospective double-blind
placebo-controlled randomized cross-over design
with two exercise challenge tests preceded by the
inhalation of 200ug salbutamol or placebo.
Children 8-16 years old with documented exercise
induced inspiratory flow limitation performed two
exercise challenge tests (ECT’s) to assess EIB. EIB
was defined as a fall in forced expiratory volume in
1 second (FEV;) > 13% whereas inspiratory flow
limitation was defined as a fall in mid inspiratory
flow (MIFsg) > 25%.

Results: 63% of the children (19/30) with exercise
induced flow limitation showed an inspiratory flow
limitation. Salbutamol significantly reduced the
mean exercise induced fall in MIFx in children with
exercise induced inspiratory flow limitation
compared to placebo (17.6% versus 24.9%,
p=0.004).

Conclusions: There was a significant but
inconsistent, individually variable protection of
salbutamol against exercise induced inspiratory
flow limitation observed in contrast to the
consistent protective effect of salbutamol against
EIB. A substantial number of the children with
exercise induced flow limitation have an
inspiratory flow limitation. Asthmatic children
who experience persistent exercise induced
asthmatic  symptoms  despite the use of
(prophylactic) salbutamol, may suffer from an
inspiratory flow limitation as a component of their
asthma.

Key words:
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1. Introduction

Exercise induced bronchoconstriction (EIB) is a
specific and common symptom of childhood
asthma and of all asthma symptoms, considered to
be the most detrimental on quality of life'®. EIB is a
sign of bronchial hyperresponsiveness (BHR) and
featured by bronchial obstruction leading to
expiratory flow limitation. Recent studies have
shown that an exercise challenge test not only can
induce EIB but also can induce inspiratory flow
limitation*®, Exercise induced inspiratory flow
limitation is independent from EIB and also occurs
after exercise. It is a different clinical entity than
vocal cord dysfunction (VCD) which is
accompanied by acute choking or an inspiratory
stridor during exercise®>"®, Inspiratory flow
limitation is defined as a fall in mid inspiratory flow
(MIFs) of more than 25%™"®. Several studies have
shown that inspiratory flow limitation can be
induced by airway challenge tests other than
exercise.

Exercise induces the release of mediators from
inflammatory cells resident in the airway mucosa.
These mediators are responsible for bronchial
narrowing by activation of the inflammatory
response in the asthmatic airway. Inhaled
salbutamol stabilizes inflammatory cells and can
therefore provide excellent protection*®. The
pathofysiology of exercise induced inspiratory flow
limitation is unknown but inflammatory mediators
released may be directly or indirectly involved. We
hypothesize  that salbutamol  protects against
inspiratory  flow limitation implicating that
inflammatory mediators are involved in the
pathofysiology of inspiratory flow limitation.

The aim of this study was to investigate whether
200ug salbutamol protects against exercise induced
inspiratory flow limitation in asthmatic children.
The secondary aim was to investigate the relation
between the protective effect of salbutamol against
EIB and against exercise induced inspiratory flow
limitation.

2. Materials & Methods

2.1 Patients

This study had a prospective double-blind placebo-
controlled randomized cross-over design. Children
8 - 16 years with asthma, diagnosed by a
pediatrician, were recruited from the outpatient
clinic of the pediatric department of Medisch
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Spectrum Twente, Enschede (MST) from October
2013 to February 2014. Children were eligible if
they demonstrated exercise induced inspiratory flow
limitation with or without EIB during an exercise
challenge test (ECT) within a period of two weeks
prior to the study’®. There were no restrictions to
the use of medication, but children had to cease
long acting bronchodilators or leukotriene
antagonists 24  hours and short acting
bronchodilators 8 hours before the ECT>'.
Children were excluded if they were admitted to the
hospital or  being  prescribed  systemic
corticosteroids because of an exacerbation in the
last eight weeks prior to the screening ECT.

2.2 Randomization and blinding

For randomization block sizes of 2 and 4 children
were used. The randomization list was designed
with the aid of a computerized randomization
method (Windows version 6.0 randomization
program “Rand.exe” by Steven Piantadosi)
performed by an independent assistant. To ensure
concealment of allocation, the randomization
scheme was managed by an independent assistant
(secretary of the pediatric department) and was not
accessible to the researchers.

The administration of either salbutamol or a placebo
prior to the exercise challenge test was inserted in a
double-blind design and also the statistical analysis
was performed blinded. TEVA pharmaceuticals
provided the salbutamol and the placebo
Autohalers®. Labeling to arrange the double-
blinded design was performed under the conditions
of good manufacturing practice by an external
hospital. The inhalers were marked with codes
which were kept in a sealed envelope by a
secretary.

2.3 Exercise challenge test

To minimize anxiety which can lead to failed tests,
the youngest children exercised on a jumping castle
and the older children who were comfortable on a
treadmill. For both exercise formats the same
exercise challenge test guidelines were used™*".
During the four hours prior to the ECT’s, children
were not allowed to perform strenuous exercise.
After the screening ECT in which inspiratory flow
limitation was assessed, the included children were
randomized to perform two ECT’s. The both
ECTS’s were preceded by the inhalation of 200ug
salbutamol (Airomir® Autohaler) or placebo in a
randomized order fifteen minutes prior to the ECT.
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ECT’s were planned with a minimum interval time
of 2 days and a maximum of 14 days. ECT’s and
pulmonary function measurements were performed
as previously described>™. Children performed
baseline spirometry measurements using a
Microloop MK8 Spirometer (ML3535) according
to the standard ERS protocol™?. Koopman reference
values were used to calculate the predicted value of
FEV, . After baseline spirometry children inhaled
either 200pg salbutamol (Airomir® Autohaler) or
placebo under supervision of the investigator to
ensure correct technique. Fifteen minutes after
inhaling children performed spirometry
measurements again. Thereafter, children aged 8-10
years old jumped for a maximum of 6 minutes on a
jumping castle in cold, dry air conditions (9.5-10
degrees Celsius and a relative humidity of 57-59%)
in an indoor ice skating rink. Children aged 12-16
years old performed the ECT on a treadmill with a
10° slope (Trimline® 7150) under the same air
conditions. Children aged 10-12 years old could
choose between the two ECT formats. Heart rate
was continuously monitored by a radiographic
device (Garmin Forerunner 610) and the target was
to achieve 80-90% of their maximum heart rate. An
exercise induced fall in FEV; of >13% compared to
baseline was considered as positive for EIB™. For a
reliable measurement of the MIFs, the forced
inspiratory vital capacity had to be within 7.5% of
the forced expiratory vital capacity. A fall in MIFs,
of >25% compared to baseline in more than one
consecutive measurement was considered positive
for an inspiratory flow limitation®".

The degree of protection of salbutamol against
exercise induced inspiratory flow limitation was
assessed for each individual child based on the
MIFs,. Children with a protection of fall in MIFs,of
>50% were classified as responders to therapy i.e. if
the MIFs, during the salbutamol ECT did not fall at
least 50% compared to the placebo ECT, the child
was considered as a responder. Children with a
protection of fall in MIFs, of <50% were classified
as non-responders to therapy.

2.4 Questionnaire

Children < 12 years old and their parents filled out
the Childhood Asthma Control Test (C-ACT) to
measure asthma control. Children > 12 years old
filled out the Asthma Control Test (ACT)™*.
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2.5 Sample size calculation

A previous study investigating exercise induced
inspiratory flow limitation in our clinic showed that
46% of asthmatic children (mean age 13.2 years old
with a SD 2,2 years) had an exercised induced
inspiratory flow limitation. The average fall in
MIFs, was 25.8% (SD £16.1%) after the exercise
challenge test”.

Our hypothesis was that inhalation of 200pug
salbutamol prior to the ECT would offer a clinical
relevant protection of 50% against inspiratory flow
limitation. To document this significant difference
in fall of MIFs, with a paired T-test a power
calculation was performed.

Assuming an average fall in MIFs, of 25% (SD
+16%) in the placebo condition and an average fall
in MIFs, of 125% (SD %16%) when 200ug
salbutamol is administered prior to the ECT, and
assuming a significance level (alpha) of 0.05 and a
power of 80%, 15 patients would be needed in a
cross-over design.

2.6 Statistical analyses

Best values of spirometric measurements were used
for statistical calculations. Results were expressed
as mean values + standard deviation (SD) for
normally distributed data, as median (minimum;
maximum) for not normally distributed data or as
numbers with corresponding percentages if nominal
or ordinal.

Within person changes in continuous variables (e.g.
fall in FEV; or MIFsp) were analyzed with a paired
T-test or a Wilcoxon signed rank, as appropriate.
Between group differences in continuous variables
were analyzed with an unpaired T-test (e.g.
responders versus non-responders). Between-group
comparisons of nominal or ordinal variables were
performed by Chi-square tests (e.g. responders
versus non-responders). To assess the correlation
between two continuous variables (e.g. protection
of salbutamol against EIB and inspiratory flow
limitation) Spearman’s rho was computed. A
possible period or carry over effect was analyzed
with the Hills and Armitage test. A 2 sided value of
P < 0.05 was considered statistically significant.
Data was analyzed with SPSS® for Windows®
version 20 (IBM, Chicago, IL, USA) analytical
software.

2.7 Ethical Considerations

This study was approved by the hospital ethics
review board and the Central Committee on
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Research Involving Human Subjects (CCMO) and
registered in the Dutch Trial Register
(http:/Aww.trialregister.nl) number NTR4021. All
children and parents/guardians received written
patient information and provided written informed
consent to participate in this study.

3. Results

Thirty children who showed exercise induced
inspiratory flow limitation and/or EIB at the
screening ECT within 2 weeks prior to the study
were selected and screened. Eleven children

Excluded (n=11)

(36.7%) with only EIB, but without exercise
induced inspiratory flow limitation (fall in MIFs,
of >25%) were excluded. Nineteen children
(63.3%) with exercise induced inspiratory flow
limitation with or without EIB were included.
After inclusion 3 children were excluded from the
study. One child was excluded because of
unreliable lung function measurements, one due to
an asthma exacerbation and one due to non-
adherence with maintenance medication. Sixteen
children composed the study group. Figure 1
shows the flow chart of inclusion.

M3* - treatment A - M4
(n=10) (n=8)

P ——— ST
M1-treatment A - M2

Included in randomised cross-
over design (n=19)

Assessed (n=30)

M1-treatment B - M2 M3** - treatment B - M4
(n=9) (n=8)

* n=1 excluded
**n=2 excluded

M: spirometry measurement with subscript numbers identifying the first, second, third and fourth spirometry

treatment A: 200y salbutamol
treatment B: 200pg placebo

Figure 1: Flow chart of inclusion
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Baseline characteristics of the 16 included

exacerbation more than eight weeks before the

children are shown in table 1. Hospitalization start of the study.
status indicates hospitalization due to an asthma
Table 1: baseline characteristics
Number of children 16
Age in years (mean = SD) 11.8+22
Male gender (N, (%)) 11 (68.8)
Hospitalisation before study (N, (%)) 6 (37.5)
ECT format (N (%))
Jumping castle 11 (68.8)
Treadmill 5(31.2)
FEV; as % of predicted (mean + SD)? 84.9+9.8
Fall in FEV1 in % (mean = SD) 274 +17.1
Fall in MIFsg in % (mean £ SD) 39.1+9.6
ICS (N, (%)) 15 (93.8)
LTRAS (N, (%)) 6 (37.5)
Allergy (N, (%))
Positive 9 (56.3)
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Negative

Unknown

(C-)ACT <19 (N, (%)) °

Score (C)ACT (mean = SD)

4 (25)

3 (18.8)

8 (50)

19.1+49

SD: standard deviation; ECT: exercise challenge test; ® FEV;: forced expiratory volume in 1sec, percentage
of predicted based on the reference values of Koopman et al*®. MIFs: maximal inspiratory flow at 50
percent of vital capacity. ICS: inhaled corticosteroids. LTRAs: leukotriene receptor antagonists. “Allergy:

proven by blood test or skin prick test.

°(C-)ACT: (Childhood) Asthma Control Test: a score </9 points indicates uncontrolled asthma

All 16 children performed two ECT’s and
achieved their target heart rate during their ECT’s.
Eleven children showed combined EIB with an
inspiratory flow limitation, the other 5 children
showed an isolated inspiratory flow limitation.
The mean time to maximum fall in MIFs, was 4.5
min (x 3.9), while the mean time to maximum fall
in FEV; was 3.6 min (£ 2.7). There was a
significant correlation between the fall in FEV,
and the fall in MIFs, (r=0.84, p < 0.001).

No period effects or carry over effects were
observed in this study (all p values > 0.43).

Copyright 2016 KEI Journals. All Rights Reserved.

14,15

Salbutamol significantly reduced the mean exercise
induced fall in MIFs, compared to placebo (17.6%
versus 24.9%, p=0.004).

The FEV; value as percentage of predicted
measured before administration of salbutamol did
not significantly differ compared to placebo
(4.1%; 95CI: 0.0%-8.4%; p = 0.06) or compared
to the screening visit (2.9%; 95CI: -1.9%-7.7%; p
=0.22).

Exercise induced falls in MIFs, and FEV; at the
screening ECT, after salbutamol and placebo,
including their statistical differences are shown in
table 2.
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Table 2 Fall in MIFso and FEV; at baseline, with placebo and with salbutamol

Dffsrancz (95% CI); p-valus

Total study group

{z=18)

Izolated inspiratory
flow limitation

(=35

Combinad flow

limitation {o=11)

MIFs

{mamm = 5D

FEV,

{masn = 50

MIFs

{madizn IQRT

MIFx
{madian IQR])
FEV,

{mamm = 50

Biazzlins Placsbo
38.1=0.8 2042101
17.4=17.1 2125=148
32 25
27.3-33.3) {17.7-32.1)
40.3 08
(32.442.8) (20.8-41.3)
35.5=14.4 052121

Salbutamaol
17.6=11.6
10378
10.5
(5.5-18.4)
143
{11.630.2)
13.0=7.8

Biazzlina-placsho Biazaline-zalbutamol
o7 115
{5.5-14.0) (15.7-27.3)
p=0.001 p <0001
48 17.1
(L6800 (B.1-25.9)
p=0.004 p=0.001
10.0 o
p=0.080 p=0.043
10.5 26.0
p=0.008 p=0.004
6.0 125
{LT0-10.2) (10.7-34.2)
p=0.011 p=0.002

Placsbo- zslbutamol

16.5
{4.50-28.0)

=0.012

Data expressed as mean values *+ standard deviation, median (interquartile range (IQR)) or p value
(95%Cl). FEV;: forced expiratory volume in 1 s. MIFsy: mid inspiratory flow at 50 percent of vital capacity.

* In case of non normal data only difference with p-value is presented.

The falls in MIFs5, and FEV, separated by intervention per child are shown in figures 2 and 3.
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Figure 2: Fall in MIFsq in percentage with placebo and with salbutamol for each individual child.

Fall in MIF;,

50.

37.5

Placebo
B Salbutamol

Fall in MIFs, (%)
N
[6)]

125

1 2 3 4 5 6 7 8 9% 10 11* 12* 13* 14 15* 16
Study subjects

MIFso: maximal inspiratory flow at 50 percent of vital capacity. * children with 250% protection on the MIFso with
salbutamol.

Fall in FEV,

50.
?37.5
o
o
u>: Placebo
w257 ® Salbutamol
£
£

12.5 A

0. -

1 2 3 4 5* 6 7 8% 9% 10 11*12*13* 14 15* 16
Study subjects

Figure 3: Fall in FEV1 in percentage with placebo and with salbutamol for each individual child.
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FEV,: forced expiratory volume in 1 s. * children
with >50% protection on the MIFs, with
salbutamol.

Responders/ non-responders

As can be seen in figure 2, there were 8
responders to treatment with salbutamol against
inspiratory flow limitation and 8 non-responders.
The median percentage of protection ((% fall
placebo - % fall salbutamol) / % fall placebo) of

salbutamol against inspiratory flow limitation was
45.6% (IQR 2.9%-73.0%).

The characteristics of responders and non-
responders against inspiratory flow limitation are
shown in table 3. Characteristics were not
significantly different between the responders and
non-responders (all p values > 0.62), except for
the higher use of leukotriene receptor antagonists
in the group of non-responders (p=0.007).

Table 3: Characteristics of responders and non-responders

Copyright 2016 KEI Journals. All Rights Reserved.

Patient characteristics Responders Non-responders
Number of children 8 8

Age, years (mean x SD) 115+20 12025
Boys (N, %) 6 (75) 5 (62.5)
FEV; as % of predicted ® 86.5+125 83.3+6.5
(mean + SD)

Fall in FEV; in % at baseline|25.9 + 16.6 28.9 £ 18.6
(mean = SD)

Fall in MIF5, in % at baseline | 37.0£9.9 41.1+9.3
(mean = SD)

Hospitalisation before study 3(37.5) 3(37.5)
(N, %)
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ICS (N, %) 7 (87.5)
LTRAs (N, %) 0

Allergy (N, %) °

proven 5 (62.5)
unknown 1 (12.5)
(C)ACT <19 (N, %) ° 3 (37.5)
Score (C)ACT (mean + SD) 19.6+5.1

8 (100)

6 (75)

4 (50.0)

2 (25.0)

5 (62,5)

18.6 +5.0

Data expressed as mean + SD, median (IQR) or numbers (percentage). *FEV;: forced expiratory volume in

1sec, percentage of predicted based on the reference values of Koopman et a

I**. MIFs. maximal inspiratory

flow at 50 percent of vital capacity. ICS: inhaled corticosteroids. NCS: nasal corticosteroid. LTRAS:
leukotriene receptor antagonists. ” Allergy: proven by radioallergosorbent test or blood test. ¢ (C)ACT:

14,15

(Childhood) Asthma Control Test: a score </9 points indicates uncontrolled asthma™.

The screening ECT showed 11 children with a
combined inspiratory and expiratory flow
limitation. These children were analyzed for the
relation between the protective effect of
salbutamol against an inspiratory flow limitation
and EIB.

Copyright 2016 KEI Journals. All Rights Reserved.

No correlation was found between the protection
of salbutamol against fall in FEV; and against fall
in MIFs, in comparison to placebo (r= 0.21; p =
0.43).
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5. Discussion

An inconsistent, individually variable protection
of salbutamol against exercise induced inspiratory
flow limitation was observed, in contrast to the
consistent protective effect of salbutamol against
EIB. This study confirmed that a substantial
number  of asthmatic children with exercise
induced flow limitation have an inspiratory flow
limitation which is independent from EIB.

This study showed the same prevalence of
exercise induced inspiratory, expiratory and
combined flow limitation as other studies
investigating flow limitation after airway
challenge in asthmatic children and adults.

To our knowledge, this is the first study to analyze
the protection of salbutamol against inspiratory
flow limitation in asthmatic patients. One study
found a significant reduction of metacholine
induced inspiratory flow limitation with a
combined treatment of nasal corticosteroids,
pseudoephedrine and antibiotics in children®.

Exercise induced hyperventilation dries the
airway epithelium and leads to hyperosmolarity of
the airway surface fluid, triggering residential
mucosal mast cells to release inflammatory
mediators such as histamine™®. It is assumed that
the bronchoprotective effect of salbutamol in EIB
is largely attained by its stabilizing effect on beta
2 receptors on mast cells*®. Exercise also cools
the airways, that rapidly rewarm and congest
when exercise induced hyperventilation ceases.
Both cooling and drying mainly occur in the
larger airways. As only a mild protective effect of
salbutamol against exercise induced inspiratory
flow limitation was found, in contrast to the
consistent effect on EIB, we speculate that the
role of inflammatory mediators is not as important
in the pathofysiology of exercise induced
inspiratory flow limitation as in EIB. Perhaps
rebound rewarming after exercise of the
hyperplastic vascular bed present in asthmatic
airways can lead to congestion and obstruction of
the larger airways leading to an inspiratory flow
limitation. Asthma is not in all patients confined
to conductive and small airways and possibly the
inspiratory flow limitation reflects the presence of
airway inflammation in the larger airways.

Asthmatic children who experience persistent
exercise induced asthmatic symptoms despite the

Copyright 2016 KEI Journals. All Rights Reserved.

use of (prophylactic) salbutamol, may suffer from
an inspiratory flow limitation as a component of
their asthma.

Exercise induced inspiratory flow limitation can
be induced by vocal cord dysfunction (VCD).
However, the inspiratory flow limitation we
observed progressed after ceasing exercise and
was not accompanied with acute choking or an
inspiratory  stridor, which strongly suggests
another cause than VCD'"*°. Moreover VCD is
relatively rare in this young age group whilst an
inspiratory flow limitation was observed in the
majority of children.

In our population 19.4% of the children were not

able to perform reliable and duplicated inspiratory
flow-volume loops. This is similar to Tomalek et
al. et al. who showed that 23% of healthy children
in a similar age group could not perform
acceptable inspiratory  flow-volume loops®.
According to ERS criteria volume loops need to
be repeated to obtain a reliable value.

The main strength of this study is the prospective
double-blind  placebo-controlled  randomized
cross-over design. Also, a short time period
between the two interventions was pursued (<1
week) and all tests were carried out by the same
investigator in standardized air conditions. None
of the children quitted the ECT’s prematurely.

A limitation of our study is that due to the tight
time schedule of obtaining flow volume loops
after exercise, not all children were able to
perform  comparable duplicated inspiratory
volume loops.

Another limitation is the administration of 200pg
salbutamol which could have been a too low dose
to result in a clinical effect in all children with
exercise induced inspiratory flow limitation.

More research is necessary to analyze the
pathophysiological basis of exercise induced
inspiratory flow limitation. A study investigating
the protection of inhaled vasoconstrictive agents,
such as alpha agonists, against exercise induced
flow limitation to evaluate the contribution of
vascular phenomena to an exercised induced
inspiratory flow limitation and EIB could be of
additional value.
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6. Conclusions

This study showed an inconsistent, individually
variable protection of salbutamol against exercise
induced inspiratory flow limitation in contrast to
the consistent protective effect of salbutamol
against EIB. A substantial number of asthmatic
children with exercise induced flow limitation
have an inspiratory flow limitation which is
independent from EIB was found.

Copyright 2016 KEI Journals. All Rights Reserved.

Asthmatic children who experience salbutamol
resistant exercise induced symptoms may suffer
from an inspiratory flow limitation, which can be
identified in an ECT with measurement of both in
and expiratory flow volume loops.

Declaration of interest: The authors report no
conflicts of interest. The authors alone are
responsible for the content and writing of the

paper.
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